
7 , 8

Compounds 1–5 were
characterized with 1H and 13C NMR spectroscopy, infrared
spectroscopy, and elemental analyses. Additionally, X-ray crystal
structures of 4 and 5�H2O were determined. A low resolution
X-ray crystal structure of 1�Et2O confirmed the molecular struc-
ture. Solvates1�Et2O and 5�H2O were used only for the crystallo-
graphy experiments; unsolvated 1–5 were used for all other
measurements. Attempts to prepare the geminal hydroperoxides
derived from cyclohexane-1,3,5-trione, cyclohexane-1,2,3,4,5,6-
hexaone, and benzene-1,3,5-tricarbaldehyde led to violent gas
evolution, likely due to the instability of the products.

Scheme 1 Synthesis of 1–5.
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have impact and friction sensitivities of r4 J and r10 N,
respectively, but must be safe enough to handle.1 Compounds
1–4 have sensitivity values in this range, and are the first
organic peroxides that might be safely used as primary explo-
sives. For comparison, the impact and friction sensitivities of 5,
TATP, DADP, HMTD, and MEKP are too high for safe use.2…4

Despite their less sensitive nature, the thermal decomposition
temperatures of 1–4 will need to be increased to allow use as
primary energetic materials. Interestingly, the impact (1…3 J)
and friction ( B 5 N) sensitivity values for 1–4 are similar, and do
not vary with the nature of the organic framework and increas-
ing O : C ratios from 1–4. This lack of a trend is consistent with
the O…O linkages being the ••trigger bonds•• that initiate decom-
position upon cleavage. The solid state structure of 4 reveals
intermolecular O…H� � �O hydrogen bonds, as well as several
O� � �O and C� � �H close contacts. The hydrogen bonds and
attractive close contacts may serve to stabilize the labile O…O
bonds and buffer them toward shock, thereby reducing the
sensitivities of 1–4. Intermolecular I � � �O close contacts also
lead to reduced sensitivity in cocrystals of DADP and TITNB.6

For comparison, the solid state structures of highly sensitive
DADP and TATP lack O…H� � �O hydrogen bonds and O� � �O close
contacts, and contain only very weak O� � �H and C� � �H inter-
actions.3b The stronger hydrogen bonds and close contacts are
likely important stabilizing features in 1–4. Finally, this work
demonstrates that careful manipulation of organic peroxide
structures can lead to compounds with useful energetic materials
properties.

The authors acknowledge generous support from the O�ce
of Naval Research (Grant No. N00014-12-1-0526 to C.H.W.,
Grant No. N00014-12-1-0538 to T.M.K.).
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Explosionsgefähr-lichkeit, hier der Schlagempfindlichkeit mit dem
Fallhammer, Nov. 8, 2002; (c) http://www.bam.de; (d) NATO Stan-
dardization Agreement (STANAG) on Explosives,Friction Sensitivity
Tests, No. 4487, 1st edn, Aug. 22, 2002.

14 (a) Test Methods According to the UN Manual of Tests and Criteria,
Recommendations on the Transport of Dangerous Goods, United
Nations Publications, New York, Geneva, 4th revised edn, 2003;
(b) www.reichel-partner.de.
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